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ABSTRACT

ASC DEQ4 is a floating point subroutine, written in FORTRAN IV
source language, which integrates numerically a set of N simultaneous
second-order ordinary differential equations in which first derivatives may
or may not appear [i.e., y{' = £(t, vy y{) of y'i' = f(t, yi), i=1,2,..., NL
If the N equations can be separated into two groups (IB and N-IB) such
that the first IB equations are not dependent on the final N-IB equations
(e. g., variational equations) then DEQ4 has the capability of integrating
the final N-IB equations at a larger step size than the first IB equations,
thus saving 2(R-1)(N-IB) derivatives per integration step. This subroutine
obsoletes subroutine DEQ2 with the following improvements: better accuracy
controls, new starting procedure, improved halving and doubling procedure,
reduction in computing time, and reduction in core storage requirements
(10N less).

The subroutine is restricted in that it contains 20 digit octal constants

(real constants) for the CDC 4000 series machines.

~ii1-




i r
CONTENTS
3 ABSTRACT . . ... v v v v v v e e e e e e e e e e e e e .
I I INTRODUCTION. . .. . v vt v e v v v e v s e e e e e e
] A. Purpose . . . .. i i e e e e e e e .o
B. Restrictions . . .. .. v v v v v v v i oo e e e e .
C. Method ...... @ & & o 8 2 & 8 2 B+ 9 s * 2 8+ 0+ ® . . L[] . - . *
II. PROGRAM USAGE . . . . . v v v v v v e o e e e - . .
A. Calling SeqUeNCe . . . v v v v s v v v v o v v v o o e e
s B. Multiple Entries . .. ... ... ..., st et e s
: C. Two-Group Multi-StepMode. . . .. ... ... ... e
D. Coding Information. . ....... e e e e e e .
' E. Space Required .. ... e e e e e e e e oo e
} APPENDIXES
1; . A. MATHEMATICAL METHOD. . . . . ¢t v e v v v e v v v v u e e e
]
: B. FORTRAN IV SOURCE LANGUAGE FOR DEQ4
¥ (CDC 6400-6600) . ..... e e b e s e e e e e e
1
%g TABLES
i A-1. Difference Table . . . . . . . i i i i i it ittt ittt vttt e
A-2. Coefficients for Wi for Eq. (A-5)..... e e e e e e e e e
i
; A-3. Coefficients for V; for Eq. (A-B) . v i i i et i e e e
A-4. Coefficients for N,, I\a, B., B.,, D.,, andC, . ....... e e e e
A L LS A | i

-~

iii

A e el e i . . e e =



Y

TET

W

[{4

Ny

SECTION I

INTRODUCTION

A. PURPOSE

The purpose of ASC DEQ4 is to integrate numerically a set of N
simultaneous second-order ordinary differential equations in which first
derivatives may or may not appear [i.e., y'i' = {(t, Vi yi) or
y'i' = f(t, yi) i=1, 2, ..., N]. Ifthe N equations can be separated into two
groups (IB and N-IB) such that the first IB equations are not dependent on
the final N-IB equations, then DEQ4 has the capability of integrating the
final N-IB equations at a larger step size (ratio = R = 27, K 2 1) than the
first IB equations., This will save 2(R-1)(N-IB) derivatives per integration

step when operating in the Cowell mode.

B. RESTRICTIONS

The restrictions associated with the use of ASC DEQ4 are as follows:

No internal checks are made for overflow or underflow.

2. The user must provide an auxiliary subroutine (DAUX) which
evaluates the second-order derivatives and the name of the aux-
iliary subroutine must be defined as an argument in the calling
sequence and also through the use of the EXTERNAL statement
in the main program (i. e., EXTERNAL DAUX).

3. If the two-group, multi-step mode is used, then DAUX should
be programmed to skip the evaluation of the final N-IB
derivatives when TEST is negative. (See IB, TEST, and
VMIN in Section II-A for restrictions on the use of the two-
group, multi-step mode.

4, Initial conditions rnust be stored prior to entering the program.

5, ASC DEQ4 is a single precision subroutine written in Fortran
IV Source Language,

6. The subroutine contains 20 digit octal constants (real constants)
for the CDC 6000 series machines.
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C. METHOD

A fourth-order Runge-Kutta method! is used to start the integration and
to halve the step size during integration, A Cowell "seccnd-sum' method
based on eighth differences is used to continue the integration. Doubling is
accomplished in the Cowell mode through the accumulation of alternate steps.
Truncation error can be controlled by choosing an appropriate step size,
and by using the variable step size mode of operation. DEQ4 has an automatic
restart procedure which works as follows:

After eight Runge-Kutta steps (h = H/IR), an attempt is
made to integrate in the Cowell mode (h = H/IR). If the
error criterion {(see ER in Section II-A) cannot be sat-
isfied for the first IB equations, the initial conditions
(i.e., ty, yio, and y{(')) are restored, the step size is
reduced to h = h/2#%IR), and the integration is restarted.
This procedure continues until the error criterion is
satisfied, or until h < HMIN. For the latter, the sub-
routine sets TEST = 13 and exits to the user.

Note: Either I2 < 0, or HMIN = HMAX nullifies the

restart procedure as well as the halving procecdure.

1J. B. Scarborough, Numerical Mathematical Analysis, Third Edition,

John Hopkins Press, Baltimore (1955) pp. 301-30%,
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SECTION 1I

}
PROGRAM USAGE

CALLING SEQUENCE!

CALL DEQ4(N, Ii, I2, IA, IB, IR, ER, HMIN, HMAX, YMIN,

DAUX, TEST, IDH, NTRY, JHH, JHD, VMIN, VMAX, T,
H, ¥, YP, Y2P, T{, T2, T3, T4, TS5, Té6, T7, F2P, FiP,
DLT{, DLT2, DLT3, DLT4, DLT5, DLT6, DLT7, DLT8)

The nomenclature is as follows:

N
11

I2

IB

the number of equations.

an option, so that if

I1 2 0, ist derivatives are present in the evaluation of
the second derivatives, [y;' = £(t, y;, yD].

I1 <0, ist derivatives are missing in the evaluation of
the second derivatives, [y} = f(t, y.)].
an option, so that if
I2 2 0, variable step size mode of operation is used.
12 <0, fixed step size mode of operation is used.
(Note: For I2 <0, h = H/IR for all steps.)

an indicator switch to the user during exit to DAUX.
IA = -1 for first 1, 2, 3 if Runge-Kutta) pass through DAUX,
IA = +1 for final (4th if Runge-Kutta) pass through DAUX.

This applies for each integration step. In the Cowell mode,
IA = -1 when the derivatives of the predictor are being
asked for, and IA = +1 when the derivatives of the corrector
are being acked for.

Only the first IB (= N) equations are tested to determine whether
it is necessary to halve or possible to double the step size or to
proceed with a Cowell integration step. (See Section I-A and
Section II-.C for an additional use of IB.)

TSee NTRY and Section II-B




ER

HMIN

HMAX

YMIN

DAUX

For a given step-size H, the initial step size for both Runge-
Kutta and Cowell will be h = H/IR. If halving is required, the
current step-size h is reduced to h = h/(2¥IR) for all N equations,
and the integration procedure returns to the Runge-Kutta mode.
(Usually IR = 8 or 16; if IR = 0, DEQ4 sets IR = 16.)

The user should set ER = 1E - S(i.e., 10°S), where S is the
approximate number of significant figures desired. If ER =0,
DEQ4 sets ER = 1E - 11, (User should test for best ER.)

In general, ER = |{E -~ 11 is recommended.

the minimum absolute value of the step size allowed when
halving is required. During the starting procedure (see
Section I-C), if halving is required and h/(2*IR) < HMIN,

the integration is terminated with TEST = 1{3.; otherwise,

the integration is continued in the Cowell mode with the

current step-size h (i. e., halving is not permitted). If

HMIN = HMAX, all halving is suppressed during the entire
integration procedure. If HMIN = 0, DEQ4 sets HMIN = {E - 5.
Only the first IB equations are tested for halving.

the maximum absolute value of the step size allowed for the
first IB equations. The final N-1IB equations may be integrated
at a larger step size when operating in the two-group, multi-
step integration mode (see Section I-A). If HMAX = 0, DEQ4
sets HMAX = 1. A value of HMAX < 16.is recommended for
most problems.

the minimum absolute vaiue allowed for y. for the relative error
test during the halving and doubling procedure. YMIN prevents
unnecessary halving for y; = 0. If YMIN = 0, DEQ4 sets

YMIN = 1. (User should supply YMIN).

Note: For the movre difficult problems, it may be
necessary for the user to modify the subroutine and
make YMIN a vector of dimension IB -~ thus allowing
a different YMIN for the first IB equations.

the location of the entry point of an external subroutine (supplied
by the user) which evaluates and stores (see (2P) the second-
order derivatives yy. DAUX must be defined by the user through
the use of the EXTERNAL statement in the main program, and
COMMON must be used as a means of data linkage. CALL
DAUX is used by DEQ4 to enter DAUX., If the two-group,
multi-step mode is used, then DAUX should be programmed to
skip the evaluation of the final N~IB derivatives when TEST is
negative.

-4 -
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TEST has the following multiple uses:
Initially (i, e., prior to NTRY = 1), the user must set:

TEST = +1,, to integrate the N equations at the same
step size.

TEST 2 +2., to use the two-group, multi-step mode. The
maximum ratio of the step sizes for the two groups will
be Ryjax = 2%%(TEST -1). Recommend TEST = 5.

After each integration step (NTRY = 2) DEQ4 will set:

TEST = +1., if the integration was a Runge-Kutta step

(i. e. , during starting procedure, or halving procedure
if JHH = 1),

TEST = +2., if the integration has been restarted during
the initial starting procedure. Indicates h = h/(2%IR) and
Runge-Kutta step.

TEST = +3., if the step size has been reduced [h = h/(2%IR;]
and the integration has been returned to a previous step
during the halving procedure (possible only if JHH = 3).

TEST = -1., if the integration was a Cowell step.
During the starting procedure (see Section I-C):

TEST = +13,, if the integration has been terminated during
the restarting procedure. Indicates programming error,
or ER, H, or HMIN too restrictive.

During transfers to DAUX (also, see IA and DAUX):

TEST = -1., when the first IB equations are being integrated
(at a smaller step-size) in the multi-step Cowell mode,

TEST = +1., when the N equations are being integrated in the
Runge-Kutta ox Cowell mode.

IDH an indicator switch to the user after each integration step.
IDH = 1, if the step size has not changed

IDH = 2, if the step size of all N equations has bezen
reduced to h = h/(2*IR) where h is the current
step size of the first IB equations.

IDH = 3, if the step size of all N equations has been doubled.

IDH = 4, if the step size of the final N-IB equations has been
doubled (possible ounly in multi-step mode).




NTRY

JHH

T

VMIN

VMAX

a special option to simulate multiple entries. The user must
set NTRY prior to using the calling sequence.

NTRY = { Setup entry (store all initial conditions first).
NTRY = 2 Normal Runge-Kutta/Cowell integration.
NTRY = 3 Integrate in Runge-Kutta niode exclusively.
(Note: NTRY = 1 must be used prior to the other two
values. See Section II-B for further details. )

an option to contrel the halving procedure.
JHH
JHH

3 Return to previous step, restore all conditions
(i.e., t, y;, and y'i') at that step, reduce step size
and return to Runge-Kutta mode.

(Note: See Section II-C for exception to JHH = 3 option. )

(No longer used in DEQ4)

All doubling is performed in the Cowell mode through
the accumulation of alternate steps.

the location of one cell used by DEQ4 for the halving and
doubling tests.

VMIN = 10~ ! ER/H? (computed internally, varies with H)

Initially (prior to NTRY = 1) the user must set VMIN 2 {,
if TEST = 2.(i. e., multi-stepi1.;ode). This initial value
allows the user to control the doubling procedure for the
final N-IB equations if the multi-step mode is used. A
larger value of VMIN (initially) will reduce the accuracy
requirements for the final N-IB equations and thus allow
them to be integrated at a larger step-size. A value of
10. < VMIN = 10.7 is recommended.

the location of one cell used_by DEQ4 for the halving and
doubling tests. VMAX = 103 ER/H2 (computed internally,
varies with H),

the location of the independent variable t, -~ stored initially
by the user and incremented automatically by the subroutine
during the integration procedure. T may be reset to a pre-
vious step by the subroutine during the starting procedure
or, during the halving procedure when JHH = 3.

1 Reduce step size and return to Runge-Kutta mode.




r
b
o

H the location of step-size h -~ stored initially by the user
and modified automatically by the subroutine during the
integration procedure. Initially, DEQ4 sets H = H/IR as the
initial step-size for both Runge-Kutta and Cowell, If H = 0,
DEQ4 sets H = 0. 01 (H can be positive or negative). In the
multi-step mode, H will contain the current step size of the
first IB equations.

Y the location of N dependent variables y; -- stored initially
by the user and modified automatically by the subroutine
during the integration procedure.

YP the location of N first derivatives y! -~ stored initially by the
user and modified automatically by %he subroutine during the
integration procedure.

Y2P the location of N second derivatives y'i' -- computed and stored
by the DAUX subroutine supplied by the user. If the two-group,
multi-step mode is used, then DAUX should be programmed to
skip the evaluation of the final N-IB second derivatives when
TEST is negative.

T1{ through are temporary storages used by the subroutine. Each

T7, F2P, F1P, of these temporary storages must have a dimension

and DLT1 < of N and musf be preserved throughout the integration

through DLT8 procedure.

B. MULTIPLE ENTRIES

For purposes of compatibility between machines and different versions
of Fortran IV, the parameter NTRY is used to simulate multiple entires.
This requires the user to change the value of NTRY prior to using the

calling sequence. This is done as follows:

NTRY = 1, Setup Entry

The user must sct NTRY = | and store all initial conditions and options
prior to using the calling sequence. This includes N, Ii, 12, IB, IR, ER,
HMIN, HMAX, YMIN, TEST, NTRY, JHH, VMIN, T, H, Y, and YP.

After setting NTRY = {, the user must CALL DEQ4(N, Ii,...,DLTS8)
for the setup entry. The subroutine performs various tests on parameters

(e. g., sets H = 0. 01, if H = 0), sets initial switches and options for the

-7-




integration procedure, calls DAUX to form y'i' at tg, and then returns to the
user. No integration is performed during the setup entry. The above entry

must be performed prior to any other entry (ona time only).

NTRY = 2, Integration Entry - Runge-Kutta/Cowell Mode

This is the normal integration entry and should be programmed within
a DO loop (to control situations such as maximum steps in case of an error).
After setting NTRY = 2, the user must CALL DEQ4(N, I{,...,DLTS8) to
integrate one step in the Runge-Kutta/Cowell mode. The subroutine inte-
grates one step (H/IR initially) and returns to the user. The first eight
steps will be in the Runge-Kutta mode; thereafter the subroutine will inte-
grate in the Cowell mode (h = H/IR), doubling approximately every 16 steps
until h - H. If the two-group, multi-step mode is used (TEST 2 2.initially)
then the step size of the final N-IB equations may continue to double, subject
to the restrictions of the initial s-alues of TEST and VMIN. In this case,
during each entry to DEQ4, the first IB equations will be integrated R steps
(h = H) while the final N-IB equations will be integrated one step (h = R*H).
All of this is automatic, and the user need only loop through the calling
sequence to integrate from ty to tenD: The user should test T after each

integration step to determine the proper exit procedure, using NTRY = 3

to integrate to a specific time point tEND’ If output is desired at a particular
time point t (1:i # tn), an interpolation subroutine such as RW NTRP is

recommended.

NTRY = 3, Integrate in the Runge-Kutta Mode

After any integration step, or after setup entry, the user can integrate
one or more steps in the Runge-Kutta inode. After setting NTRY = 3 (and
changing the step-size H if necessary), the user must CALL DEQ4(N,14,...,
DLTS8) to integrate one step in the Runge-Kutta mode. The step size can be
changed after each Runge-Kutta integration step, and negative H is
permissible. NTRY = 3 sheuld be used primarily to end the integration at

a specific value tEND" It can also be used to integrate to a specific output
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time tOUTPUT (t:n - H< tOUTPUT < tn + H), where t, is the current value

of the independent variable and H is the current step size, if the regions
TEST, T, H, Y, YF. Y2P, and T1 through T4 are saved and restored

before continuing the normal integration (i.e., NTRY = 2). Note that the
step size for the Runge-Kutta integration should be < H/IR if the same
accuracy is desired, where H is the current step size of the Cowell mode.

If the two-~group multi-step mode is used, then several Runge-Kutta steps
may be required to integrate from t  to touTPUT (i.e., t, - R¥H< toUTPUT
< tn + R*H). (See Section II-C for further details.)

C. TWO-GROUP MULTI-STEP MODE

The subroutine assumes that the N equations can be separated into two
groups (IB and NN-IB) such that the first IB equations are not dependent on
the final N-IB equations. This would be the case, for example, for a
system of nonlinear differential equations which are integrated simultaneously
with the variational equations (i. e., Newton-Raphson Method). Since the
variational equations are always linear and also require less accuracy, they
can be integrated at a larger step size than the first IB nonlinear differential
equations. 'I'hi.s is accomplished in DEQ4 through the use of the initial
values of TEST and VMIN. TEST controls the maximum ratio of the two
step sizes and VMIN controls the accuracy of the final N-IB equations. For
example, if TEST = 3.and VMIN = 1000, initially, then the maximum possible
ratio of the two groups will be RMAX =22 = *%(TEST -1) and the accuracy
requirements for the final N-IB equations will be ER*¥1000, where ER
determines the accuracy of the first IB equations.

The doubling procedure works as follows: Initially, all N equations
are integrated in the Runge-Kutta mode at a step-size H = HO/IR. After
eight Runge-Kutta steps all N equations are integrated in the Cowell mode
at a step-size h = HO/I.R. Thereafter (assuming halving is not required), the
step size for all N equations will double every 16 steps (in the Cowell mode)

until the step size for the first IB equations can no longer be doubled. From




that point the step size of the final N-IB equations will continue to double
under the restrictions of TEST and VMIN described above. For example,
during an entry to DEQ4 (NTRY = 2) if R = 4 the following integration will
be performed in the Cowell mode:

!
FIRST IB EQUATIONS H, H | H | H

FINAL N-IB EQUATIONS R%*H
th tn+1

Note that during one entry into DEQ4, the first IB equations are integrated R
steps with a step size of H while the final N-IB equations are integrated one
step with a step size of R*H. Upon the next entry, if halving is required for
the first IB equations, then H is reduced to H = H/(2*IR) for all N equations
and the above procedure is repeated. If JHH = 1 the integration will continue
fromT =t _,,. IfJHH =3 the integration will normally continue from T = ty
with all conditions restored at that point. However, if the final N-IB equations
were being saved for doubling at T =t (i.e., Ryax had not been reached),
then the integration will be continued from T = st (same as JHH = 1).
Thus, the doubling of the final N-IB equations is given precedent over the
halving procedure in regards to the JHH = 3 option. For this reason
TEST = 5.is recommended, since the doubling procedure for the final N-IB
equations is discontinued when Ry, »~ has been reached.

Since 2(R-1)(N-IB) derivatives are no longer computed during each
Cowell step, the use of the two-group multi-step mode will result in a

considerable saving of computing time where applicable.

D. CODING INFORMATION

The calling sequence can be simplified to
CALL DEQ4

by placing all parameters of the calling sequence in (labeled or blank)

COMMON and using the name DAUX (identical with the name used internally

-10-
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by DEQ4) for the auxiliary subroutine. In additon, all parameters (i.e., Y,
YP, Y2P, etc.) must be dimensioned within subroutine DEQ41, and the
SUBROUTINE statement in DEQ4 must be changed to

SUBROUTINE DEQ4

E. SPACE REQUIRED

In addition to the parameters in the calling sequence, approximately
3571g cells are required.

Note: The coefficients required for the Cowell integration mode are
stored in DEQ4 as 20 digital octal constants through the use of the DATA
declaration. These coefficients were fcrmed in double precision on the
CDC 6600 and are the octal equivalent of the 60-bit real floating point
constants of the CDC 6000 series machines. See Appendix A for a com-

plete description of the mathematical method.

i
The Fortran IV Source Language for DEQ4 is provided in Appendix B.

“11-
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APPENDIX A

MATHEMATICAL METHOD

The ASC DEQ4 subroutine [Floating Point Cowell (Second-Sum)
Runge-Kutta Integration of Second-Order Ordinary Differential Equations] is

prepared to solve the system of equations defined as

I X A ? 14 3 =
vi —fi(t:, Yi"“’YN’Vi""’yN) (i=1,2,...,N)

(A-1)
' - ! - ’ S -
yi(to) = Yo Y3 (to) = Vio (i=1,2,...,N)

In case none of the fi involve the first derivatives y{, time is saved by
indicating this in the set-up (i.e., set Il = -1), DEQ4 includes a fourth order
Runge-Kutta subroutine that is used for the starting procedure and for the
halving procedure. The Runge-Kutta subroutine can also be used independently
of the main subroutine through the use of NTRY = 3. For the sake of com-

pleteness the Runge-Kutta equations are given in the following paragraphs.

A.1. RUNGE-KUTTA EQUATIONS

Let Vin and yin be the values of v; and yi att =t ; fin be the second
derivative of y;att =t ; and h be the increment (step size) of the independent
variable t. The Runge-Kutta formula.s1 used in this subroutine are as

follows:

1J. B. Scarborough, Numerical Mathematical Analysis, Third Edition,
John Hopkins Press, Baltimore, Maryland (1955) pp. 300-301.
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ki = hfjlty, Vipr Vip)
kp =BGl + 3 Vi Y F R V] +k—11)
i2 = MiPn T2 Yin T2¥in T8 N1 Yin T T2
h h h kiZ
- _— —_—v’ ——
kyy = Bty + 3 Vin F 3], PRk Vin 7 )
h
k,, = h&{t, +h, oy, o+ byl +okia vl o+ k) (A-2)
- ' 1
AYip = h[yin Tk Tkt kis)]
!u
K A’=—1—[k + 2k.., + 2k,, + k. ]
Yin T 6 it i2 i3 7 Ni4
3 -
] Yi,n41 = Yin ¥ Hin
3 C :
‘ Vi, ntt = Yin ¥ in
‘ For the special second-order equation, you have
$
yi’ = fi(t, Yoo yn) (1st derivatives missing) (A-3)
: It should be noted that kiz = ki3’ so that above formulas reduce to the
following Runge-Kutta formulas:
: kil = hfi(tn’ yin)
' - h ho, .h )
| kip = hfi<tn %0 Yin Y 2Yin T8N
k =hf<t +h, y; + byl iy )
i3 i\'n ' 7in 212

L1
AYin = h[Vin Tkt Zkiz)]

{cont. )
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Yi,nt1 = Vin T AVin

’ - ’ ’
Vi, ntt = Yin T A

in (A-4)

where ki4 of Eq. (A-2) is now ki3 of Eq. (A-4).
The subroutine can be made to take advantage of this fact by a simple

change in the calling sequence (i. e., set I1 = -1) and thus save one deriva-

tive per integration step in the Runge-Kutta mode.

A.2 COWELL STARTING PROCEDURE

A Cowell (Second-Sum) method based on eight differences is used to
continue the integration after the first eight Runge-Kutta steps. The user

must ask for each integration step and the subroutine will follow this

sequence:
a. Perform eight Runge-Kutta steps of size h = Hggart/IR
(one Runge-Kutta step for each entry to DEQ4) to obtain
’ 1 ’ 17
Yigr Yip Yiq through yie Yigs Vig-
b. For each of the N equations, that part of the difference table

above the diagonal line is constructed in an accumulative
manner during the eight Runge-Kutta steps (DEQ4 returns to
the user after each Runge-Kutta step).

To start the Cowell integration we need " Fy g, '

Fig» Yig» Yig» Vig’
I om I1xr v Vv VI VII VIII ,
A5 Bogs A, i5 A ) A13 i2 Ail » and A, K The values Yig' Yig’ and

Yi8 are available after the eight Runge-Kutta integration step. The other
values are computed as follows:

'Fi9 ia rJH 4+ Woy'o + leil + Wzy + W3y

2 i3

(A-5)
+ W + Wy +W6Y6+WY + W

4Yi4 5Y gvis




11 7 7 ¥
Fifo = Y4/H + 5yig/H + Voyip + Vvl +Voyio

17 1 II 1! r?
+Vayig + Vayig ¥ Veyic ¥ Viyig T Vovig + Vgvig (A-6)
AI - y.II - i’ (A_?)
i7 = YVig ~ Yi7
Al 2y + A-8
16 Y18 y17 Y16 (A-8)
I _
A15 y18 -3 y +3 y16 y15 (A-9)
Ay =ylg - 4ylh+by's -4yl + ], (A-10)
14 = Vig - 4Yi7 5~ 45t Via
AV = v/’ + 10 10y’ +5 (A-11)
13 = Yig - 5Vi7 Vip - 10¥{5 + 574 - Vi3 -
A S byl + 15y, - 20yl + 15y, - b6yl + (A-12)
i2 Y18 y ib Y3 5 Yiq Y13 y12
AVIL C i gyt 4 21yt L 35yl 4 35yl - 20 y!t 4 7 (A-13)
i1 Yig - 'Yi7 Yi6 Yis5 Yi4 yiz + T¥i5 - ¥ii

VI _ _,, P
AiO —yi8-8y 428y6 56yi5

.+70y -56y +28y2 8y11+y{6 (A-14)

Before going vc a Cowell step, the step-size h = Hgy,,t/IR is tested.
Only the first IB equations are used to test, where 1 SIB = N. For the first
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IB equations we determine

VII
max |7t |

V=2
P1=1IB | max(|y;g|, YMIN)

(A-15)

V=103

is too large. Therefore, h is reduced to h = h/(2*IR), the initial conditions

* ER/hZ , then the ratio of the seventh diiference to function

(i.e., tgr Yio’ yi’o , and y ') are restored, and the 1ntegrat1on procedure is
restarted. This procedure is repeated until: (a) V< 10' * }:.R/h2 or

(b) h< HMIN. For (a) the routine proceeds to a Cowell integration step
with the current value of h. For (b) the routine sets TEST = {3.and returns
to the user -- indicating a programming error or that ER, I-I art’ °F HMIN
are too restrictive. The constant YMIN (equals {.if unspec1f1ed) prevents
division by y near a zero; for example, in the sine calculation YMIN = 0. 01
avoids difficulty neaxr 180 deg. Tha value ER (equals 1E - 1{ if unspecified)

allows a larger h if chosen larger, say ER = {E - 8.

A.3 COWELL INTEGRATION

Ifv 103 * ER/hZ after the eighth Runge-Kutta step, we begin the

Cowell integration with predictions of

2 1 I 111
Vig = h{Fyqo + Novig + Ny &, + Nydge + Naaye
IV v v1 VII vm
+ Ny AL + Ngals + Noall + Npalt + Ngay ) (A-16)
. Al 11 11
yiq-h(F9+ o yip + N AL, + Nyaf + NyA7T
IV .V v1 AV VI .
+ N ALy + N AT + N AT + TLA0 + Nga) ) (A-17)
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These equations use the row of the difference table above the diagonal

ling; only this row is needed for a Cowell step and is kept up to date as the

integration proceeds. The prediction for yf9 is omitted if the option If = -1
is used. Now from y. i9 and y; g’ we obtain y! 9 (from DAUX) and then com-
plete the row of differences out to AV;IH under the diagonal line in Table A-1. -

. AlL 1 I,
For example: A)S y19 y18 ; 17 = A; 18 " Ai’? ; and so on.

With this row, we calculate the corrected values:

1 2(rr ‘e 1 1I 111
Yig =B ( Fi1o ¥ BoVjg ¥ Byfjg + Byag + Boay
+ B4A15 + BSAV + B6AVI + B7/.\¥2H + B8A¥11H) (A-18)
y 1 I, . I
vl h( 9+B0y9+B1A8+BA + ByAY
ALV v VIII) .
4 st BSA + B6A + B7A12 + B8A11 (A-19)

From these we get corrected values for yl’f) (from DAUX) and recalculate
the entire row under the diagonal line, Using these new values we calculate
new values for vy, i9 and y’9 using Eqs. (A-18) and (A-19). Thus, Yig and Yi,9 are
corrected twice; however, new values for y 9 are not computed for these new
values. Next we compute FilO = i9 ’(’) and ’ 1"11 = ”Fiio t 'F;; o+ This
completes the integration step and DEQ4 exits to thc user.

On the next entry we repeat the test for halving [i.e., at Eq. (A-15)].

If halving is not required, we continue the Cowell integration using Eqs. (A-16)
through (A-19) as before. If halving is required after at least one Cowell
integration step has been completed, we set H = H/(2 *IR) and start a new
sequence of eight Runge-Kutta steps. If JHH = 1, we do not retrace ground;
however, if JHH = 3 (and the final N-IB equations are not being saved for
decubling in the two-group multi-step mode) then we return to the previous

step, restore the conditions at that point and then start a new sequence of

A-6
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i} 80
8 8i6
vi Iy 850
&4 &1 Ay
vis a5 Ay a5
843 83 A A
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Table A-1. Difference Table
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cight Runge-Kutta steps with H = H/(2%*IR). This can be shown graphically
as

current step (test for halving)
H set H = H/(2 * IR)
I COWELL -~ start Runge-Kutta step from t

| OO T T VO T O |

n-1 n n+i

H current step (test for halving)

JuH =3 [COWELL 1

n-1 n

/return tot _,» restore conditions (t = LY Yi, n-1’

] 1t
t tt Yi, n-i’yi,n- 1)

set H = H/(2 *1IR)
start Runge-Kutta step from tn-i

During the halving procedure all N equations return to Runge-Kutta
with the same step size (i.e., the two-group multi-step mode is temporarily
suspended).

If halving is not required, we proceed with a Cowell step, making the

following test every other step to determine whether we may be able to
double h. If

-2 .
vV < (10 7'- ER (A-20)
he
we may be able to double h.
We test further to see that
VIII
A, -
W = —_max |70 | <102*ER

- < (A-Z1)
P=1=IB  rax(|yg], YMIN) h
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U the conditions of Eqs. (A-20) and (A-21) are satisfied for 16 steps (testing
every other step) then the step-size h is doubled for all N equations in the
Cowell mode. In addition, all of the data above the diagonal line is doubled
in the Cowell mode using Eq. (A-23). We then proceed to a Cowell step
using Eqs. {A-16) through (A-19) with step-size 2H. On the next entry, the
halving and doubling tests are continued as before.

The doubling procedure requires a counting device and it works as
follows. Initially, we set K = 1 at the beginning of the first Cowell step.
The counter is advanced every other step if £qs. (A-20) and A-21) are
satisfied for the first IB equations. We accumulate the data required for
doubliing at alternate steps. If the tests fail at any point (assuming halving
is not required) the counter is restarted if all N equations are being integrated
at the same step size (i. e., TEST = VMIN = {.initially). However, if the
two-group mode is being used, then the doubli;lg tests for the first IB
equations are temporarily suspended (i. e., the step size for the first 1B
equations remains constant unless halving is later required). Thereafter,
the doubling for the final N-IB equations is continued using the following
test, ‘that is, if

AL
max ii

| -2
"IB<i=N

< 10~ = EI; * VMIN (A-22)

max (lyi8l , YMIN) h

VAR

for the remaining steps [K = 1{1)9], then the step size for the final N-IB
cquations is doubled. Also, for the final N-IB equations all of the data
above the diagonal line is doubled in the Cowell mode. Note that VMIN of
Eq. (A-22) is the initial value of VMIN for NTRY = 1. The counter K will

be set to one for the next entry, and the doubling procedure will be restarted

for the final N-IB equations.

A-9




The equations used for doubling in the Cowell mode are as follows. LetA
represent a difference (i. e., Al = A%-?, Al = AJ.I%) at step-size h, and A

represent a difference at step-size 2b. Then we compute

| R S
fi_ A 2 aall | gaTH L AIV)
AT a2V _ eV 4 AV
; AV = 164!V - 3287 - 24aV% 4 8aVE L AT
| AV =5atV - oat - roat 4 sah) + (v - vy)
A =eaV - s - 20a™ 4 gsaT - eal) - vy - vy
é A= VT 21aV C3saTV 4 sat™ - 20w s Al 4 (vl - vy
i. AVIH = 8AVH - (28AVI - 56AV + 70AIV - 56AIH + 280 . 8AI) - (y’l’6 - y(')’)
t 'F(A) = yé/Zh + WO y(’)’ + Wiy:.," + Wzy&’ + W3 yé’

t? 177 17 17 17
TWyg P WYyt Wyt Woviy + Wyl

E(A) = yg/(20)7 + 5ya/2h + Voyy +V vy 4V, vy

1! 14 11 1! ’ I#}
: tV3vg +Vayg + VgVip ¥ VeVip ¥ Vo Viy + Vg¥ig (A-23)
i
]
where the values Yg Yé. and yé’ ) y'z' yeeos y’1’6 are the integrated values

saved at alternate steps of the Cowell integration procedure. For the two-
group mode h will be the value in cell H when the step size for all N equations
is being doubled and R * H when the step size for the final N-IB equations

! is being dcubled.

A-10
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A.4 CALCULATION OF COEFFICIENTS

In a previous version of the subroutine (ASC DEQ2) ”Filo and ’Fi9 of

Table A-1 were calculated by first forming ”FiS and ’Fis as follows:

e =yt ' 1 I 11
Fis = ¥iq/H - Dyyig - Dyfyy - Doy - Doy
Iv Vv VI VII VIII
- Dyajp - Dgdyp - Dby - Dasyy - Dby (A-24)
e 2 y II vV VI VIII .
Fig = V34 /H" - Coyiy - Cphys - Cyay; - Gy - Cghgg (A-25)
Then "F“O and ’Fi() v'are calculated through the sequence as
‘Fipsr = i tVik  (K=5,6,...,8) (A-26)
Foppg = Fig? Fig (K=56,...,9 (A-27)
» . . ¥} . ’ I’
However, by substituting ordinates (ViK) for differences (AiK) e.g., By =

y;é - yit’l; Ag = y;é - 2yf"1 + y{’) in Egs. (A-24) and (A-25) and through the

use of Eqs. (A-26) and (1A-27) %Fi9 and ”FiIO can be defined by Eqs. (A-5)
and (A-6). Tables A-2 and A-3 give the value of Vi and Wi' Table A-4 gives
the values of the other coefficients.

The coefficients for \A and Wi were formed in double precision on the
CDC 6600 and are included in subroutine DEQ4 as 20 digit octal constants.

For example, using Table A-3

V. = (2 - 5D5 - 5D6 + 35D7 + 40D8 - C6 + 8C8) (A-28)
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Table A-2. Coefficients for W for Bq. (A-5)

i DO Dl DZ D3 D4 DS D6 D., D8

Wo -1

Wy -1 1 8

w2 -1 1 6 | -2

he -1 1 4 -5 | -15 21 56

Wy -1 1 2 3 -6 10 | 20 .35 | .70

¥ 1 - -t 3 4 | -10 | 15 s | s6

¥ i -1 -1 s | 6 21 | .28

% 1 a4 | o4 7 8

s 1 T

Table A-3. Coefficients for V; for Eq. (A-6)
t | Dg| Dy Dy| Dy| Dy Dg| D Dy |Dg | ColCyles | o |
Yo -5 -1
vy 5 s |40 -1 | 8
Ve 5| 5| 30 [as |-140 1) o6 | -28
Va 5| s | 20 -25]-75 {105 | 280 4| 4f-15) s6
Vs 5| 5] 10 -15] .30} s0| 100|175 |-3s0| -1 | 2] -6] 20 -70
Vs 4 5| -s| 15| 20 -s0]-75 | 175 | 280 | 4-15] s6
Vo | 3 -5 | -5 | 28] 30 105 |-140 1| 6 | -28
Va 2 5 |5 [35 |40 -1 8
Vg 1 Ls -5 -1
A-12

e e
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APPENDIX B

FORTRAN IV SOURCE LANGUAGE FOR DEQ4
(CDC 6400-6600)
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c ASC DEQ4 (8TH ORDER) ReKe/GAUSS JACKSON (4=18=67) JoF. HOLT DEQ40001

SUBROUTINE DEQ4(NyIleT2e1A9IByIRyER'HMINIHMAX 9 YMINIDAUXsTESTsI0Hs DEQ40002

. 1 NTRY o JHHsJHD s VMINS VMAX ¢ DEQ40003
2 ToHoY TP Y2PsT19T29T39T4, DEQ49004 .

3T50T69'l'?’ - " DEQ40003

4 F2PsF1PoDLTLoNLT2sDLT390LT49DLTSsDLT6,DLTT74DLTR) DEQ40006

DATA AQ9A19A29A39A49459A69AT91AB/017145252525252525252,0171452525250EQ40007
#252525252,0171450421042104210429017144631463146314631,0171444416710EQ40008
#441671441,017144272727272727272,017144142124345450046,0171440247700EQ40009
#525655446,017137642352047260270/ i DEQ40010

DATA APOyAP12AP29AP39AP4sAPS9AP6,APT1AP8/01717400000000000000090170EQ40011
#166525252525292525,017166000000000000000+01716544764676447644T9CYTOEQ40012
#1652161616161016169017165031250377565231+901716467415214246677490170EQ40013
#1645574360212076619017164456716206452330/ DEQ40014

DATA BQsB1+BZ+B3+R4¢B5,B6,B7+B8/017145252525252525252,000000000000DEQ40015
*000000009.060673567356735673567,060673567356735673567,060700410313DEQ40016
#556630410,060701441671441671441,060702347642525026560,060703132207DEQ40017
#010257763,060703607613672523307/ DEQ46018

DATA BPUsBP1IBP2yRP39BP4+BPSsBP6yBPTIRPB/01T17400600000000000009060DEQ40019
#63252525252525252590606425252525252525254060651175117511751175+0600EQ40020
#653146314631463146,060660543327060160543,060662134066134066134+060D0EQ40021
i #6631531727250332579060663753007252122331/ ] DEQ40022

DATA WOoWloW29w3ewh sWSWEsWT9wB/017045506100745107612,0607004235250EQ40023
#521066740,017126634350133463213,050633425400145555331,0171740000000EQ40024
{ *000000000~0172042165177715111229017177663070575106313,017204007354DEQ40025
#2522567114017177776456357607156/ DEQ40026 -

DATA V09eV19V29V39V4yeVS4V6,VTsVB/01T066772406536075467,060653305233DEQ40027
#301450700,017145726271235706017,060612435756631615770,0172146342660EQ406028
#567637354,017224266406711557615+017215636363515616135,0172140226620EQ40029 .

x #7011606204017177770713164246212/ DEQ40030
; c THE CALLING SEQUENMCE CAN BE SIMPLIFIED BY PUTTING ALL PARAMETERS DEQ4003}
c EXCEPT NTRY AND DAUX IN LABELED COMMON, (SEE EXAMPLE SELOW) DEQ40032
c HOWEVERs THE LIMENSION STATEMENTS MUST BE CHANGEDs OR INCLUDED DEQ40033
c IN THE LABELLED COMMON STATEMENT, THE NEw CALLING Sgfe. BECOMES DEQ40034
c CALL DEU4 (NTRY,DAUX) DEQ40035
5 c ALSOs THE SUBROUTTNE STATEMENT (SEZ ABOVE) MUST BE CHANGED TO DEQ40036
o SUBROUTINE DEué4 (NTRYsDAUX) ' DEQ40037
c EXAMPLE FOLLOWING SHOWS LABELED CUMMON FOR SIMPLIFIED CALLING SEQ.DEQ40038
\ c COMMON/CDEQ/NvIleZ’IAoIBoI@vERoHMINvHMAX9YMIN,TE§T9!DH’IRKyJHHs DEQ40039
c 1 JHD s VMINIVMAX 9 ToHsY o YP9Y2P 9 T10T29T39ThyTS¢T69TT DEQ40040
c 2 F2PsF1PsOLT190OLT24DL T3 DEQ40041
c 3 DLT49nNLTS40LT6sULTT7,0LT8 DEQ40042

PN ey Pamiaihad
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CHs###eNOTE ALL OPTIUNS AND INITIAL CONDITIONS (TsHsYsYP) MUST BE STORED

CHuNee

DIMENSIUN

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

PRIO

YO 63)eYP( 63)9Y2P( 63)9TL{ 63)oT2( 53),T3( 63)¢
T4( 63)4T5( 63)sT6{ 63}+TT( 63) .

F2P( 63)+FI1P( 63)sDLT1( 63)50LT2( 63),
DLT3( 63)+DLT4{ 63)4DLTS{ 63)9DLTE( 63)4DLTT( 63)
DLT&( 63)
Y(2)9YP(2)9Y2P{2)3T1(2)9T2(2)9T3(2) T4 (2)
TS(2) e TH(2) 9 TT(2)
F2P(2) 4FiP (2}
DLT1(2)4DLT2(2) +DLT3(2) +DLT4(2) 9DLTS(2) 4DLT6(2)
DLT7(2)40LTB(2)

R TO THE SETUP ENTKY TO DEG4. (DEG4 ENTRY CALLS DAUX)

~ - b Q.. : .
o GG R Voo

DEQ40043
DEQ40044
DEQ4 0045
DEQ40046
DEQ40047
DEQ40048
DEQ4 0049
DEQ4 0050
DEQ40051
DEQ4 0052
DEQ40G53
DEQ4 0054

Co##r SPECIAL NOTE Sfasssdtssrattitdarinptatborisnpueny SpECIAL NOTE ##eucDEQ40055
WITH THE DATa ALLOCATION SCHEME OF OEQ4s IT IS POSSIRLE FOR DEQ40056
THE USER TO INTEGRATE THE FIRST P EQUATIONS SIMPLY BY CHAMGING N.DEQ40057

c

OO0 ONCOOOOOO0O0

OF COURSEs THIS ASSUMES THAT THE FIRST P EQUATIONS DO NOT DEPEND DEQ40058
ON THE FINAL N~P FQUATIONS. (SEE WRITE=UP FCR FURTHEQ DETAILSe) DEQ40059
N 1S THE NUMBER OF EQUATIONS, DEQ40060
11 IS AN OPTION, SUCH THAT IF . DEQ40061
T1 IS GeEe +0y Y2P = F(XyYyYP) (I,Eey FUNCFION OF 1ST DERIV.)DEQ40062

I1 IS LeTe 09 Y2P = F(X,Y) DEQ49063

12 1S AN OPTION, SUCH THAT IF DEQ40064
12 IS GeE. +0s VARIABLE STEpP~SIZE MODE IS USED. DEQ40065

12 IS LeTe 09 FIXED STEP-~SIZE MODE IS USED. DEQ4O066

1A 1S AN INDICATOR SWITCH T0O THE USER DURING EXIT TO DAUX SUBs DEQ40067
IAS=1 FOR 1ST (1¢293 IF R.K,) PASS THRU DAUX, DEQ40068
T1A=+1 FOR FINAL PASS THRU DAUX. (APPLIES FOR EACH STEP,) DEQ40069

NOTE IN THE COWELL MODE, IA==~1 WHEN THE DERJVATIVES oF THE DEQ4007¢0
PREDICTOR ARE BEING ASKED FORs AND IA=+1 WHEN THE DEQ4 007}
DERIVATIVES OF THE CORRECTOR ARE BEING ASKED FOR, DEQ40072

18 ONLY THE 1ST IB {LeEs N) EQNS» ARE TESTED DURING ERROR TESTS.DEQ40073
FOR THE Two GROUP MODEs THE FIRST IB EQGNS ARE INTEGRATED AT DEQ406G74
STEP=SIZE He AND THE FINAL N=IB EQNS ARE INTEGRATED AT STEP-= DEQ4007S

SIZE R#H (R= les 2e9 4o9 Be9 ETCe DEPENDING OW THF IMITIAL DEQ4 0076
VALUES OF TEST AND VMIN), (SEE TEST AND VMIN) DEQ40OTT

IR FOR A GIVEN STEP-SIZE Hy ZCOWELL STEP = H, R.K, STEP = H/IRs DEQR40078
ER  RELATIVE SRROR CRITERIA. (SET ER=]1.E=9 OR LESS) DEQ40079
HMIN IS THE MINIMUM STEP=SIZE ALLOWED. (ABSOLUTF VALUE) DEQ40080
HMAX IS THE MAXIMiM STEP-SIZE ALLOWED, (ABSOLUTE vALUE) DEQ40081
YMIN 1S THE MIN, aBSe VALUE OF Y!I) ALLOWED FOR THE ERROR TESTe DEQ40082
DAUX 1S AN EXTERNaL SUB. SUPPLIED BY USER TO EVAL. THE 2Nn DERIV. DEQ40083
TEST AFTER EACH TUTEGRATION STEP; DEQ4 OGS4

B-3
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c TEST WILL BE #1e IF THE INTEGRATION WAS A RUNGE=KUTTA STEPs DEQ40085
c TEST WILL BE ~le IF THE INTEGRATION wAS A COWELL STEP, DEQ40086
c NOTE INITIALLY SET- TESTsl, FOR NORMAL INTEGRATIQNe FOR TWO=DEQ40087
(o8 : GROUP- MODE SET TEST G.E« 2. (MAX R =-2.**1rgsr.1.) -DEQ40088 .
C: - _IDH:ZAFVER EACH INTE :RATION:STEPy ~ -~ . DEQA0089:
C S~ ETE =S M- WIEL-BE -+ 1 - TR THE=-STEP=STZE -HAS- Nof*cHANGED. - = --=—-DEQ40090~
c 104 WILL BE +2 IF THE STEP~SIZE HAS BEEN HALVED. DEQ40091
c 10H WILL BE 43 IF THE STEP=SIZE HAS BEEN DOUBLED DEQ40092
Cri oz ==T1DH WILL BE +4 IF H-FOR.- FINAL N=IB EQNSe DOUBLED... - - > . ‘DEQ40093
C#% - NIRYLIS & SPECIAL OPTlcﬁ'TO_Atkﬂw‘MUEYI?LE;ENTRIESf”*?LA - - DEQ40094
Q;r,~ﬁ=__gﬂIR¥§1§;$ETURMENJBX:."_SIOREfiNLIIAL—£ON01:PRIOR:IO EN{BX;QU_DE040095-
= CEEEEEENTRY =2y NORMAL "R K0 /CAUSSKUACKSON TNTEGRATION:  —— ~—="—— —---DEQ40096-
c NTRY=3¢ INTEGRATE IN ReK, MODE EXCLUSIVELY, DEQ40097
c JHH IS AN OPTION TO CONTROL THE HALVING PROCEDURE. IFs DEQ40098
€: _JHH=13B*IR ReKe-STERS ARE-USED DURING THE HALVING. PROCEDURE.DER40099
Lo ‘JHHa3s. RETURN TO: T(T1)-AFTERSCOWELL “ATTEMRT TO.-T(T+1)» 8%IR “RKDEQ40100
ko5 __-_SE_E MRITE=UP FOR FURTHER. .DE&TLSLCONCEMUNG HALVING pnncEDUREDEmel

- TS JHD =15 TAN-OPT-TON-TO-CONTROES THE=DOUBLING: ”PROCEDURE. T - =--DEQ40102-
c NOTE JHD IS NO LONGER USED IN DEQ4. ALL DOUBLING IS DONE DEQ40103
c IN THE COWELL MODE 8Y THE ACCUM. OF ALTERNATE DATA. 0E040104
C:— =

= NHTE 1N1-IALL¥ SET VMINSI+EP c9=z’3....5) FOR TWO=GROUP noospae4010a
VMAY, IS FHE-LOC OF 1 CEL{ USED @Y DDEG FOR HALVING/DOUBLING TESTDEQ40107.

TR e

G S =TS THE-LOCATION OF--THE -INDEPENDENT VARIABLE THI), - - 7 'DEQ40108
c H 1S THE LOCATION OF THE INITIAL AND CURRENT STEP=SIZE. DEQ40109 .
o Y 1S THE LOCATION OF N DEFENDENT VARIABLES, DEQ40110
C: = YP - IS THE: LOCATION OF N 1SY DERIVATIVES, - - :  DEQ40111
c- Y29~ 1S THE LOCATTON OF. N 2ND DERIVATIVES,(COMPUTED BY DAUX) DEQ40112
Gi":‘:tl THRU T7 ARE VEprRS.OF.DIMENSIQN N USED BY THE SUBROUTINEs _ DEQ40)13
G ==FgPy F1Py AND DLT1=THRU-DLT8 “ARE:-'VECTORS OF ‘DIMENSION N. DEQ40Y14
c SETUP FOR DEQ4 SUBROUTINEe CALL DEQ4(NsI1s1294069DLT7+DLT8) DEQ40115
GO TO (192v3)9NTRY DEQ40116
1 . IDH=) : R R DEQ4O11T.
RXK=TEST, 'L.':,‘ T L A . .- DEQs01l8-
IF‘RXH"Q)380’3BI .381 -~ . - s iz .-:-i_‘-: .i"._ T ; - ___:_ ‘9509.011_19?_
380 “RYXH=1. - K - ST - DEQ40T20
381 IKR=} DEQ40121
IF(VMIN~1.)382,383,383 DEQ40122
382 VMIN=1000. T T L TRl TS ST T e - < - - 7 DEQ40123
.383. VARX=VMIN - 5 .- DEQ40124
- - - RXA=RXH.. .- .. DA .- DEQs0Y25
EE R TE S Ta e TS =EF LDEQA0126
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390
391
392
393
394
400
410
420
430
431
C431
432

433
€433
434

440
C440
439
C439
450
460
C460
470
471
c471l
472

TST=+1,
NSTRI==1
IF(N) 39143904392
N=]
N=TABS (N}
IF(N=TR) 39343944304
IB=N
IF (IR)Y400+4004410
18=N
IF (IR)Y420+4209430
IR=16
IF{H)43294319432
H=,01
H=,0100
R=IR
H=H/R
HA=H
IF(ER)Y433:4334434
ER=1.E=-11
ER=1.N=11
HH=sH#H
N]=N
IF (YMIN)43994404450
YMIN=],
YMIN=1,00
YMIN= ABS(YMIN)
YMIN=NABS (YMIN)
IF (HMAX) 460494604470
HMAX=1,
HMAX=] .DO
IF(HMIN) 47144714472
HMIN=] ,E~=5
HMIN=]1,D=5
VMIN=ER/ (HH¥*100,)
VMAX=VMIN®#100v00.
I1A==-1

IA==1 FOR 1ST (19293 IF R.K,)PASS THRU DAUX
NHH=+1
CALL DAUX
SAVE INITIAL CONDITIONS FOR RESTART
12=T7
DO 473 I=1+M]

B-5

DEQ40127
DEQ40128
DEQ40129
DEQ40130
CER40131
DEQ4N132
PEQ4u133
DEQ40134
DEQ40135
DEQ40136
DE@40137
DEQsa0138
DEQ40139
DEqs4o0140
DEQ40141
DEQ40142
DEG40) 43
DEQ40144
DE@40145
DED40146
DEQ40147
DEQ40148
DEQ40149
DEQ40150
DEQ40151
DEQ40152
DEQ40153
DEQ40154
DEQ4015%
DEQ40156
DEQs 0157
CEQ40158
DEQ40159
DEQ40160
DEQ40161
DER40162
DEQ40163
DEQ4N164
DEQ40165
DEQ40166
VEQ40167
OEQ40168
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T5(1)=Y(1)
T&(1Y=YP(])
TT(I)=Y2P (1)
IF (HMAX*HMIN) 26194749261
NHH= =1
EXIT FROM DEQ2 SETUP
GO TO 261
NORMAL INTEGRATION ENTRY. CALL RKCw
ENTRY RKCW
INTEGRATE 1 STEP (H OR H/IR) IN THE COWELL/Re.Ke MODE
N1l=N
IF(TEST)900+5004500
ReKe STEP (BR R.Ke STEPRS)
I1DH=1
IF(IKR)S0515029502
ReKs STEP (INITIAL STARTING PRQCEDYRE)
K=1
TEST=TST
IKR==1
GO TO (51095209530954095509560+570¢580,4590) 4K
K=1
DO 511 I=1lsNl
DLTY1(1)=Y2P(I)
F1P(I)=WoeY2P (1)
F2P(1)=Vo#Y2P(1)
K=K+l
IF(K=10)3¢600,3
SPECIAL ReKe INTEGRATION ENTRY,
ENTRY RK
INTEGRATE 1 STEP (H, OR H/IR) IN THE RUNGE«KUTTA MODE.
NTRY=3 IS A SPECIAL USAGEe INTEGRATES OMLY IN R.Ke MODE
N1=N
Hl=H
HH=H*H
H2=H/2,
H3=HH/2.
H4=H3/2+
H5=H&4/2.
H6sH/6.
DO 100 I=1sN1

(NTRY=3)

T T =Y (])

T2(1)=YP(I)

B-6
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DEQ40169
DEQ40170
DEQ4017]
DEQ40172
DEQ40173
DEQ40174
DEQ40175
DEQ40176
DEQ40YT7
DEQ40178
DEQ40179
DEQ40180
DEQ40181
DEQ40182
DEQ40183
DEQ40184
DEQ40185
DEQ40186
DEQ40187
DER40188
0EQs0189
DEQ40190
DEQ40191
DEQ40192
DEQ40193
DEQ40194
DEQ40195
DEQ40196
DEQ40197
DEQ40198
DEQ40199
DEQ40209
DEQ40201
DEQ40202
DEQ40203
DEQ40204
DEQ4020%
DEQ40206
DER40207
DEQ40208
DEQ40209
DEQ40210
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100
110

200

€10

220

230

240
250

260

262
261

300

310

320

T3(1)=Y2P (1)
Te(I)xY2pP (1)
T=T+H2
IA=~-1
IF (I11)300+20049200

ReKe STEP FOR Y2P=F (XsYsYP)
DO 210 I=1sN]
YZP3F (XeY9YP) IF 1l=+
Y(I)STI(I)+H2H#T2(1) +HS#Y2P (])
YRP{I)=T2(1)+H2*Y2pP(])
CALL DAauUX
D0 220 I=1sNl
T3{I)xTI(1)+Y2R (1)
TeiI)aT4(T)+2.%Y2B (1)
YP(I)=T2(1)+H2#Y2P (]}
CALIL. DAUX
D0 230 I=19M1
T3(I)=T3(T)I+Y2P ()
Te(I)=T4(1)+2,%Y2P (1)
Y(I)=TY(I)+H1#*T2(y) +H3%Y2P(])
YP(I)=T2(1)+HI®*YZ2p(])
T=T+H2
CALL DAUX
DO 240 I=19N1
T4(I)=T4(I)+Y2P(])
DO 260 I=})sM]
Y(I) =TI (D) +HI®(TP (1) +H64T3(]))
YP(I)=T2(I)+Ho*(Ta (1))
JA=+]

1A=+1 FOR FINMAL PASS THRU DAUX
CALL DAUX
TEST=TST
RETURN

ReKe STEP FUR YPP=F (X¢Y)
DO 310 I=isNl
Y2P=F (XsY) IF Il=a
Y{I)=T1(I)+H2%T2( 1) ¢+HG#Y2P (1)
CALL DAUX
D0 320 I=1,M}
T3(I)=T3(1)+2%Y2R(])
T&G(I)=Ta (1) +4.%Y2D (1)
T=T+H2

DEQ40211
DEQ4 0212
DEQ4v213
DEQ4021¢4
DEQ40215
DEQ40216
DEQ4 0217
DEQ4 0218
DEQ40219
DEQ40220
DEQ4 0221
DEQ40222
DEQ40223
DEQ4 0224
DEQ4022S
DEQ40226
DEQ4so0227
DEQ40228
0EQ40229
OEQ40230
DEQ40231
DEQ40232
DEQ40233
DEQ40234
DEQ40235
DEQ4 0236
DEQ40237
DEQ40238
DEQ40239
DEQ40240
DEQs40241
DEQ4 0242
DEQ40243
DEQ4 0244
DEQ4 0245
DEQ4 0246
DEQ4 0247
DEQ4 0248
DEQ4 0249
DEQ40250
DEQ4 0251
DEQ40252




R et s

DO 330 I=19N1 DEQ40253

330 Y(I)*TI(IHHI*T?(I)*H3“Y2P(I) DEQ40254

et .:“:TCALL DAUX - B . ‘DEQ‘OZSS'—
Fi27Ep0 340 Is1aN) -DEQ40256-
—;m&_;744;331441)+Y2P(1) TR - LB < LT ;:;"Dsa4ozsr
B L ne= = 2SS pEQR 0258°
c K=2 DEQ40259
520 DO 521 I=1sN] DEQ40260

.-_QLTA{I)‘DLT‘ (1)=8,%Y2PA(1 : ‘DEQ¢026L

eI TRV EAYER e i
R D IR D e e e e
60 TO 512 DEQ40265

c K=3 DEQ40266
=530=:200- 531 ImdgNk - -~ - tmuemmmmesyoes goshoen.w - SSme SDEQERETs
: DLTI (1)=DLT1 (1) 428, Y2P(T

SDETR L) BT, #Y2P{ 1}9DL T2 - ZDEQx0269
==EpLTS (1) #Y2P (T = S = o S EEEDEQA02T0
F1P(1)=F1P (1) +w2%Y2P 1) DEQ40271

531 FaP(1)=F2p(l)+v2evap(1) DEQ40272
2 SR ET i E s g2 tee0EA02TS

== m:’rl-mfm.n (I) -SG"YZP { I) ’ TR
DLT2(I)=DLT2(I)=2)1.#Y2P(I) 05040277
DLT3(I)3pLT3(1) -6, *YZP(I) DEQ40278
SOLT4 (1)3Y2P (1) T LI R T . -7 o ~DEQAD279:
: FiP(I)lFlP(IHNB*YZP(I) - . . - - ,DEQQOZBO
;- ;-:-gg(,n .fgp(l).ova*zamn -'. .

. E el mETTE etz oo | faa wREQE0281-
&::.::.‘.—'—TGO’-ﬁ'o 5’1—2 e RTTLTTE —;'..- _— . - > ’.“.‘-“;-A""'-‘ T e T s wn T o .t Ak Tew - - -UEQ‘OZBZ
c K=5 DEQ40283
550 DO 551 I=1sN1 DEQ40284
© DLTL(I)=DLTL(I) 4704 *Y2P LI} ST e _ . DEQ40285:

T T LOLT2(I)ADLT2(T) 435, #Y2P (1Y i - T Ld A DE040286-
.;';_:.:DL_T3‘I”DLT3(I) +16#Y2P (1) . o wmnFwELS i _:_;~DEQ4«0287”
DLT4 (1) =5, *Y2P (1) =DLT4 (I) S . ~* 'DEQ40288"
OLYS(1)=Y2P(I) DEQ4 0289
FlP(I):FlP(I)+W4’Y2P(I)+YP(I)/HA DEQ40290

851 FZP(I)-FZP(I)+V4*MZP(I)*(§. YP(I)/HA)#(Y(I)/(HAGHA)) .-~z DEQ40291
GO TO S12 ; o © =7 DER40292

Ct-'-.i K=6 oz

_— '-t:-. :__DEQ40293'
=B 60 Eh Sbl—-ﬁ:‘l YNT




581

590

DLTI(I)=DLTLI(I)=5A.%*Y2P(])
DLTZ2(I)=DLT2([)=35,#Y2P (1)
DLTI(II=DLT3(1)=20.,2Y2P(])
DLT4(1)=DLT4(I)=10.%Y2P(])
OLYS(I)=DLTIS(]) =4 ,#Y2P(])
OLT6(1)=Y2P(])
F1P(I)y=F1P (1) +wSwyeP (1)
F2P(1)=F2P (1) +VvS#y2P (1)

GO TO 512

K=7

DO S71 I=1eN1
DLTU(I)=DLTI(])+2R.#Y2P(])
DLT2(1)=DLT2(1)+21+%#Y2P(I)
DLT3(I)=DLT3(1)+15.%Y2P(])
DLTG(T)=DLT4(I)+10.%Y2P(])
OLTS{1)=DLTS(I)+6,%Y2P (1)
DLTO(TI)=3.%*Y2P (1) =DLT6E(I)
DLT7(1)=Y2P(])
FIP(I)=F1P(I)+woty2P (1)
FeP(I)=F2P (1) +Ve#y2pP(1)

GO TO 512

K=8

D0 581 I=1eN]
DLTI(I)=pLTYI([)~=B,%Y2P(])
DLT2(1)=DLT2(1)~7,4Y2P (1)

- DLT3(I)=DLT3(1)=6,%Y2P(1)

OLT4(1)=DLT4([)=5,#Y2P (1)
DLTS(1)=DLTS(1)=4,%Y2P (1)
DLTo(1)=DLTO(L) =3, #Y2P(])
DLYT(I)=DLT7(L)=2,.%Y2P (1)
oLTB(I)=Y2P (D)
FIP(I)=F1P (1) +wT#Y2P (1)
F2P{I)=F2P (1) +VT7#Y2P (1)
G0 TO 512

K=o

DO 591 I=1eN1
OLTM{I)=DLTL(I)+¥Y2P ()
DLT2(1)=DLT2(1)+Y2P(])
DLT3(1}=nLTI(L)+Y2P(])
DLT4(1)=DLT4(1)+Y2P(])
DLTS(D)=DLTS(I) +Y2P (1)
DLT6(I)I=DLT6(1)+Y2P(])

B-9

DEQ4029S
DEQ40296
DEQ40297
DEQ40298
DEQ40299
DEQ40300
DEQR40301
DEQ40302
DEQ4 0303
DEQ40304
DEQ4 0305
DEQ40308
DEQ40307
DEQ40308
DEQ40309
DEQ40310
DEQ40311
DEQ40312
DEQ40313
DEQs40314
DEQ406315
PEQ40316
DEQ40317
DEQ40318
DEQ40319
DEQ40320
DEQ40321
DEQ4 0322
DEQ40323
DEQ40324
DEQs40325
DEQ40326
DEQ40327
DEQ40328
LEQ40329
DEQ40330
DEQ4033)
DEQ40332
DEQ40333
DEQ40334
DEQ40335
DEQ40336
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591

600

900 .

901
9010

902

9011
9020
9021
92022
9023

. -. 60 TO 512 e el
c - -:-—.‘-'-’ENTRY’ c“-- - - - PR - - Be-gi g e = T PR et - —

- ANDUBEA). L

“ENH2ENHH = -

DLTTi1)=OLTT (L) +Y2P (1)
DLTB(T)=Y2P (1) ~DLT8(I)
FIP(I)=F1P (1) +WB%Y2P (1)
F2P (1) =F2P (1) +VB#Y2P (1)

K=1
KC=1
. KS=]
RAT=1e

NVR=1

NJH3=+1

YEST FOR- HALVING AND -DOUBLING- : TT
IDH=1 IF STEP=SIZE HAS NOT CHANGED. ]
JIDHsL S ST s _.__a;
IC=IB+1 7~ T e T
IF (12)1000v9019901

IF{NH2)901199010+9010

DO 902 I=1,18

IF( ABS(DLTZ2(I)/AMAXI( ABS(Y(I))) YMIN))aGE.VMAX) GO
IF(DABS(DLTZ(I)/DMAXI(DABS(Y(I))yYMIN)) GE;VMAX) -GO.-

‘CONTINUE

IF 2¢#H GoTe HMAX, STOP DOUBLING TEST

IF (NDUB) 9809902099020

IF{NVR)980+980+9021

IF (RAT=1,19022990229980

IF(KS) 954495449023 - )

‘DO 903 I*),18 : -
IF( ABS(DLTE(I)/AMAXI( ABS(Y(I)),YMIN)).GE.VMIN)
IF(DABS(DLT2(1)/DMAX]Y (DABS(Y (1)) s YMIN)) +eGE,VMIN)
CONTINUE

TEST FURTHER FOR DOUBLING.

DO 904 I=1+18B

IF{ ABS{DLTI(I)/AMAXY({ ABS(Y(I))9YMIN)) «GE,VMIN)
IF(DABS(DLTY(I)/DMAXL (DABS(Y (1)) 9YMIN) ) GE,VMIN)
CONTINUE

1F HERE® CURRENT STEP 04Ks. FOR DOUBLING.
TMP4=H+H

GO
50

GO
GO

IF ( ABS(TMP4) .GT.HMAX) GO T0-°3000 e e
" -IF (DABS ETMP4) +GT (HMAX) GO TC 3000 : :

T0
To

To
To

T0
TO

-
[P

DD,
=¥-%

980
980

980
980

DEQ4 0337
DEQ40338
DEQ4 0339
DER40340
DEQ4 0341

- -DEQ40342°

DEQ40343
DEQ40344
DEQ4 0345

1 ‘DEQ4034E

DEQ40347"
DEQ40348
DEQ40349
DEQ40350
‘0EQ4035]
DEG40352
-DEQ4 0353
DEQ40354
DEQ40355
DEQ40356
~ DEQ40357
-DEQ4 0358,
“DEQ4.0359:
DEQ40360
DEQ40361
DEQ40362
DEQ40363
DEQ4 0364
DEQ40365
DEQ40366
DEQ40367
DEQ40368
DEQ4 0369
DEQ40370
DEQ40371
DEQ40372
DEQ40373
DEQ40374
DEG40375
DEQ40376
DEQ40377
DEQ40378




(ot Sachaty

$ 2ehs o M aadk auia b L ad

P

952

954
980
981

990
932

991

1100

1101
- 1l02

1104

1105
1106

KJ=1 (SAVE ALL EQUATIONS FOR DOUBLING)

KJ=1

KA=KC

KC=KC+1 ]

GO TO (201O,dUZO,?030,2040,20509206092070’208092090)9kA
KS==KS

GO TO 1000

IF(IB=N1)98193002.981

IF (RXH=1.)3002+30n2+990

IF (KS)954,+9544992

KJ=IB+1

VAR=VARX#YMIN/RAT

DO 991 1zxJeN]

IF( ARS(DLT2(I)/AMAX1( ABS(Y{I))yYMIN))GE,VAR) GG TO 3002
CONTINUE

NVR==1

GO TO 952

HALVE He RETURN T0 ReKe

R=IR

H=H/ (2, *R)

IF( ABS(H) LT HMIM) GO TO 3059
IF(DARS(H) «LTeHMIN) GO TO 3050
IDH=2

RXH=RXA

TST=+1,

TEST=3.

IF(NJH3)1)10491101,1101
IF(NSTRT)1102+1106451106

TEST=2,

RESTORE INMITIAL CONDITIONS AND RESTART.
T=T2

TST=TEST

DO 1105 I=1sN1}
Y(1)=T5(1)
YRP(I)=T6(1)
Y2P(I)=T7(1)
IKR=+1

HA=H

VMIN=ER/ (H#H#1004.)
VMAXSYMIN#100000,
GO TO 502

KA=1 SAVE YZ2P(0) IN T2

(TEST=2,)

(ACCUM, F1P(2H) s F2P(2H))

DEQ4 0379
DEQ40380
DEQ4038)
DEQ40382
DEQ40383
DEQ40384

DEQ4 0385

DEG40386
DEQ4 0387
DEQ4 0388
DEQ4 0386
DEQ40390
DEQ40391
DEQ40392
DEQ40393
DEQ40394
DEQ4 0395
DEQ40396
DEQ40397
DEQ4 0398
DEQ40399
DEQ40400
DEQ40401
DEQ40402
DEQ40403
DEQ40404
DEQ40405
DEQ40406
DEQ40407
DEQ40408
DEQ40409
DEQ40410
DEQ40411
DEQ40412
0EQ40413
DEQ4 0414
DEQ40415
DEQ40416
CEQ40417
0EQ4041R
NEQ4041S
DEQ40420




b e

2010 DO 2011 1sKJeN]

eoil T7(I):V0*YZP(I)'

¢

T2(1)=yY2pP(I)
T6(1)aw0*Y2P (1)

GO TO 954

-IK1%25- SAVE-Y2P{ZYIN T3¢ 1ACCUH}'FlP(ZH)v*FZPf?HT)

2020 DO 2021 I=KJsN1

‘é“

T3(1)=Y2P(I)

. TOLI)=TO(X) *W1ikY2p(])
2021 T?(I):T7(1>+V1*Y2R(I)

GQTO: 854 -

KR SAVE" \fzpu)’im Ta--

2030 DO 2031 I=KJsN1

C-

T4(I)=Y2P (1)

. TO(CI)aTO(T)=H24YZRA1) -
2931 T?TI)=T7(I)fV2*V2P(I)

GO. TO 954

KI=4 SAVETY2P(6) IN T5

2040 DO 2041 I=KJsN1

¢’

TS5(I)=Y2P(I)

Y6{I)aT6(1)+W3%yY2p(I)
€041 T7(I)=T7(I)*V3*Y2P(I)
. G0, T0-.954_ . "

© K1%5- CACCUMe FlP(ZH)e F2P (2H) FOR DOUBLING)

2050 Hl=l./(He+R)

H2zH1#H1
H3=1./RAT
H4exHINHI

00 2051 -I=KJsN]-.
IF(I- IC)205313052o2053

2052 HlaHl#H3

2053 T6(I)=TE(T1)*WanY2p (1) +YP.(1) *H]
2051 TT(I)RTT(I)+VARY2P (1) +5,%YP(I)¥H1+Y (I)wH2

c

H2=H2#H4

GO, TO 954

Kiz6 (ACCUMe F1P(2H) s F2P(2H) FOR DOUBLING)

2060 DO 2061 I=KJsN1

c

TO(I)=T6(1i+WS*Y2pP(])
2061 TT(I)=TT(I)+VE*Y2p (]}

GO TO 954

Kix? _(ACCUM.- FlP(ZH)c EZP
2070 DO 2071 - TAKJIIN1 = :

u'g'i‘;.

(25} FOR_DQUBLIMGL .

‘;I‘

ﬁ

DEQ40421
DEQ40422
DEQ40423
DEQ40424
DEQ40425 .

‘DEQ40426°

DEQ40427
DEQ40428
DEQ40429
DEQ40430

" DEQ40431
DEQ40432

DEQ4 0433
DEQ40434

CEQ40435.

DEQ40636
DEQ40437
DEQ$0438
DEQ40439
NEQ40440
DEQ4.044]
DEQ40442.
DEQ40443
DEQ40444
DEQ40445
DEQ4 0446
DEQ40447
DEQ40448
DEG4 0449
DEQ40450
DEQ40451
DEQ40452
DEQ40453
DEQ40454
DEQ4 0455
DEQ40456
DEQ40457
0040458
DEQ40459
DEQ49460
DEQ40461
DEQa0462




wre!

<y

-

+

2071

2080
208}

2090

2091

2092

3000
3002

3004
3006

TOE(I)=T6(I)+wo*Y2D({])
TT(I)=TT(I)+VE*Y2p (1)

GO TO 954

K1=8 (ACCUMs F1P(2H)s F2P(2H) FOR DOUBRLING)
DO 2081 I=KJsiN]l
TO(I)=T6(I)+WT#Y2p (1)
T7T(I)=TT(1)+VT*Y2p(])
GO TO 954

K1=9 (ACCUM. F1P(2H) s F2P (2H)
DO 2091 I=KJeN}
FIP(IVY=T6 (1) *wB8#YPP (1)
F2P(I)=TT(I)+V8#Y2P ()
DOUBLE H IN COWEL|. MODE
DLTB(I)= 24%DLTEB(1)=DLTT7 (1)
DLT7(I)= ae®DLYT(T) = (4, #DLT6(F)=DLTS(]))

DLTA(I)= BoHDLTO(T)=(12.%DLTS (1) =6.2DLT4(])+DLT3I(I))
DLTS(I)=16e#DLTS (1) =(32.#NLT4 (1) =24.*DLT3 (1) +8¢#DLT2(TI=DLTL(1})
DLT&(T)= S5e#DLTS(T)=(10,*DLT6(1) =10, *DLTT(1)+5.#DLTB(T))
1+(Y2P(1)=T5(1))

DLT3(I)= 6e%DLT4(T) = (15e#DLTS(]) =20, #0LTH(I) +15.%DLTT (1)
1=6,#DLTB(I))~(Y2P (1) =T4(I))

DLT2(I)= T+*¥OLT3(1)=(21,#DL14 (1) =35,%DLTS(1)+35.#DLTH(T)
1=21*0LT7(I) #7#DLTB(T) ) +(YCP(T}=T3(I))

DLTI(I)= 8e®DLT2(1) = (284#DLT3(1)=56,%D". T4 (1) +70,#pLTS (1)
156 RDLTO(I) +28, ,#NLTT(I) =8 *0LTR(I))=(Y2P(T)=T2(I))
CONTINUE

END OF DOUBLING

IF (NVR)209392092+2092

IDH=3

VMIN=VMIN/4 e

VMAXSYMAX /4o

H=H+H

HA=H

NH2=NHH

GO TO 2095

NDUB==]

NJH3=+1

IF (NH2)209593004+3004

IF (JHH=3)2095+9300692095

NJH3==]

TZ=T

DO 3010 I=1:NI

FOR DOURLING)

DEQ40463
DEQR40464
DEQ4 0465
DEQa 0466
DEQ4N4&6T
DEQ40468
DEQ4s 0469
DEQ40470
DEQ404T1
DEQ404T2
UEQ40473
DEQ404T4
DEQ4 0475
DEQ40476
DEQ40aTY
DEQ40478
DEQ40479
DEQ40480
DEQ4 0481
DEQ40482
DEQ40483
NEQR40484
DEQ40485
DEQ4 0486
DEQ40487
0EQ40488
DEQ4 0489
DEQ40490
DEQ4049Y
DEQ4 0492
DEQ40493
DEQ40494
DEQ40495
DEQ40496
DEQ40497
DEQ40498
DEQ40499
DEQ4 0500
DEQ40501
DEQ4 0502
DEQ40503
DEQ40504




TS(1)=Y(T)
T6(1)=YP(])
3010 T7(1)=Y2P(])
GO TO 2095
3050 NH2=-}
IF(NSTRT) 3052910001000
3052 TEST=13.
GO 70 261}
2093 RAT=2,%RAT
K=K+K
RKH=KKH=1.
I1DH=4
2095 KC=1
KS=1
STEP=SIZE OeKes PROCEED WITH COWELL STEP,
1000 TEST==-1.
H=HA
NSTRT=+1
HH=H#H
NX=18B
COMPLETE K STEPS FOR FIRST IB EQNS«
DO 1022 Ki=1lsK
T=T+H
IF (K=K1)6660+6660,6661
06560 NX=N1
TEST=4+1.
6661 DO 1001 T=lsNX
IF(I=1C)666646665,6666
6665 H=HA#RATY
HH=H#H
0666 T1(I)=Y2P(I) o
1001 Y(I) sHH#(F2P(I)+a0%Y2P (1) +A14DLTBI(T) ¢A2HDLTT (1) +ARHDLTOH(T)
1 +A4*DLTO(T) +ASHOL T4 (1) +AGRULTI(T) *ATHDLT2(I) «ABH#DLTL (1))
H=HA
IF{I111007+10059)005
1005 DO 1006 I=1sNX
IF{I=IC)1006+6667,1006
6667 H=HA#RAT
1006 YP(I)=HH*(FIP (1) +APO®Y2P(I)+API%DLTB(I) +AP2#DLTT (1) +AP3#DLT6(
1 +AP&4#DLTS(I) +APS#DLT4 (1) «APS#DLTI (1) +ARTHDLT2( 1) +APB#DLT (1]
1007 ASSIGN 1015 TO IFLAG
TA==]

9
))

DEQ4 0505
DEQ4 9506
VEQ40507
DEQ4 0508
DEQ40509
DEQ40510
DEQ40511
DE@40512
DEQ40513
DEQ40514
DEQ40515
DEQ44516
DEQ4 0517
DEQ40518
DEQ40519
DEQ40520
DEQ40521
DEQ40S22
NEQ40523
DER4 0524
DEQ4 0525
DEQ40526
DEQ4 0527
DEQ4 0528
PEQR40529
NEQ40530
DEQ4 0531
0EQ4 0832
0EQ40533
DEQ40S34
DEQ4 0535
DEQ40536
DEQ40537
DEQ40538
DEQ40539
DEQ40540
DEQ40541
0EQ40542
DEQ40543
DEQ40S44
DEQ4 0545
DEQ4GS46




1010 CALL DauUx DEQ4a0S47
H=HA DEQ4 0548
HH=H*H NDEQ40549

+009 DO 1013 I=lenNg DEQ4&0550
IF(T-1C)6AYI06684,666° DEQ4n551

6668 H=HA®RAI VEQ40552
HH=H#H DEQ4 0553

6669 TMPI=Y2P(I)-T111) DEQ4NS54
TMPR=TMPY-DL T (1) DEQ4 0555
TMPRP32TMR2-DLITI (1) DEQ4 0556
TUP4(=TMP3=DLTO( () DEQ4 0557
TMPS=TMP4=DL 1o (1) DEQ4 0558
TMPe2TMPS=ULLT4 (1) DEQ4 0559
TMRP7=TMPe-DL TS (]) DEQ4 056G
TMPB=TMP?=ULT2 (1) DEQ40561
Y(I)=HH¥ (F2P (1) +HneY2P (1) e H1#TMP) +BP# TMP24R34TMPI B4 #TMP4 4RSS TMPS DEQ40562

1 +Ba#TMPE+BT# 1P 1458 ¥THPR) DEQ4 0563

1011 YPUIV=HH(FLP (1) +8pURY2P (1) +BPI1¥TMP1+8P2HTMP2+RPI*TMP3+RP4L#TMP4 DEQ4 0564

1 +BPS#TMPS+HPou ITMPH+BPTH#TMP T+RPR#TMPY) DEQ4 0565

1013 CONTINMIE DEQ40566
GO TO IFLAGLU1D1541020) DEQ40567

1015 ASSIGN 1020 Tu [FLAG DEQ40568
1A=+1 DEQ4(0569
GO To 1010 DEQ405T70

1020 DO 1021 I=lsNX DEQ40571
TMRPI=Y2P (1) =T1 (D) DEQ40ST2
TMPR=TMPY=DL 4 (1) DEQ4nsT3
DLTB(T)=THMR) DEQ4ans74
TMPL=TMP2=-DLLT/ (1) DEQ4057s
DLT7(T)=IMPZ DEQ40576
TMP2=TMRP1=-DLTuL (1) DEQ40577
DLTOE(TY=TMPI DEQ40S7H
TMP1=TMP2=-0LT5 (1) DEQs 0579
OLTS{1)SIMP/ DEQ4 0580
TMP2=TMP1=DL T4 (1) DEQ4 0581
DLT&(T)=1MP] NEN4D582
IMP1=TMP2-DLT I (1) DEQN40583
DLTI{T)=TMP2 DEQ4 0384
PDLTI(D)=TWRI=DLT?2 (D) DEQ4 0585
OLT2(1)=TWPI DEQ4 0586
FIP{D)=F1P(1)+Y2P(]) DEQ4 0587

1021 FRR{11=F2P(T1)+F1P(]) 0EQ4NS88




1622

TEST=TFST=1.

H=HA
HH=HA#HA
CONTINUE
TEST==1.
GO TO 2°%1
END

DEQ40589
VEQ4 0590
DEQ4 0591
DEQ40592
DEQ40593
DEQ40594
DEQ40595
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